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INTRODUCTION 


Ever since the creation of national forests in the United States and 
the recognition that artificial reforestation of lands denuded by fire, 
ax, or plow is an essential part of forest maintenance and administra- 
tion, the idea of establishing trees or plantations by direct seeding, 
rather than by planting nursery-grown stock, has intrigued foresters 
and laymen alike. The primary interest in direct seeding lies in the 
possibility of reducing reforestation costs. A reduction of no more 
than $1 per acre would amount to a substantial saving if it could be 
effected on 50 percent, or even 25 percent, of the 30 million ? acres in 
this country estimated to be in immediate need of artificial refores- 
tation. Other advantages over planting nursery-grown stock are 
that direct seeding, if it could be done successfully, would release 
reforestation activities from complete dependence on nursery capaci- 
ties; it would lessen the technical and administrative problems associ- 
ated with nursery operation; it would make several additional months 
of the vear available for reforestation work (i.e. months in which 
planting cannot be done); and it would be better adapted to the work 
habits and equipment of most small farmer landowners. To these 
may be added the less obvious but from a long-time point of view possi- 
bly very significant merits’ emphasized by "Tinsley,? viz, that direct 
seeding possesses the silvicultural advantages of natural reproduction. 
By this is meant (1) that the trees are allowed to develop normal 
root systems without the mutilation and possible deformation incident 
to transplanting, and (2) that opportunity is provided for the laws of 
natural selection to operate, both of which tend to result in stands 
of more vigorous and productive trees. 


1 Received for publication November 4, 1944. 

2 United States Forest SERVICE. REPORT OF THE CHIEF OF THE FOREST SERVICE 
1940. U.S. Forest Serv. 42 pp. 1940. 

 ieaiaail S. L. DIRECT SEEDING—A REVIVAL. Jour. Forestry 37: 888-890. 
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Direct seeding was tried on a large scale on the western national 
forests some 30 years ago with so little success that it was soon 
abandoned as a general practice,* and reforestation efforts have since 
been concentrated almost wholly in planting. There has, however, 
been a marked revival of interest in the idea of direct seeding in recent 
years. That interest is evinced not only by the common query of 
conservation-minded folk as to why man cannot grow trees as nature 
does, directly from seed, and so do away with much of the overhead 
cost of operating forest nurseries, but also by several recent or current 
investigations of direct seeding at various forest experiment stations 
and schools of forestry. The revival of interest has sprung in large 
part from the greatly increased emphasis in national policy during 
the past decade on forestry and conservation generally. It arises 
also from the realization of the deplorably slow progress in getting 
the national reforestation job done. At the rate of progress in 1939, 
about 30 years would be required to complete the job on the national 
forests, and about 70 years on privately owned forest lands.5 

Thousands of acres of potentially productive forest land in the 
Southeastern States lie idle or are only sparsely stocked with growing 
trees. In the Piedmont region alone of the Carolinas and Virginia, 
there are nearly a million acres of abandoned farm land in need of 
artificial measures to insuré adequate restocking. In view of the 
reforestation job to be done in the southeastern part of the United 
States, and in keeping with the revival of interest in direct seeding, 
the Appalachian Forest Experiment Station began studies in 1938 to 
learn whether certain of the native pines could be direct-seeded with 
reasonably consistent success at less cost than is required for planting. 
Attainment of this objective involved as a necessary prelude studies 
of the effects of various treatments and site conditions on germination 
and early survival, and determination of differences between species in 
suitability for direct seeding. 

Although the work has been restricted to spot seeding and spot 
treatments on abandoned fields in the Piedmont region, the results are 
considered to be applicable, in a general way, to other classes of land 
and to provide some clues, at least, to possibilities of using the same 
method in the adjoining mountains and Coastal Plain. 

The investigation consisted of three major parts or phases, as follows: 
(1) Extensive exploratory tests of a wide range of treatments on differ- 
ent sites with the three important pine species native to the Piedmont 
region; (2) corroborative tests on several different areas of the most 
promising species-site-treatment combinations appearing in the first 
experiments, together with any modifications or new treatments sug- 
gested by the results of those experiments; and (3) field-scale trials to 
test the utility of the selected methods under practical operating con- 
ditions and to determine costs. 


4 WAHLENBERG, W. G. REFORESTATION BY SEED SOWING IN THE NORTHERN 
ROCKY MOUNTAINS. Jour. Agr. Res. 30: 637-641, illus. 1925. 

5 United States Forest SERVICE. A FOREST PROGRAM FOR THE UNITED STATES. 
SUMMARY OF RECOMMENDATIONS PRESENTED BY THE FOREST SERVICE ON FEBRUARY 
16, 1940, TO THE JOINT CONGRESSIONAL COMMITTEE ON FORESTRY, 51 pp. 1940. 
[Processed.] 
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EXPLORATORY TESTS 


DESIGN OF EXPERIMENTS, MATERIALS, AND METHODS 


The exploratory experiments were laid out in 1938 with the following 
variables: 

Place: (1) Lee Experimental Forest in Virginia; (2) Enoree Unit 
of the Sumter National Forest in South Carolina. (Both places are in 
the Piedmont region.) 

Site: (1) Average (fig. 1)—about 6 inches of A soil horizon present, 
with plant cover of broomsedge; ® (2) eroded (fig. 2)—with little or no 
A soil horizon remaining, and with sparse plant cover. (All sites were 
on Cecil or Appling soils, which are the predominant series in the 
region.) 


Fiaure 1.—The average site on the Lee Experimental Forest in July. The stakes 
mark plot corners. Four hardware-cloth screens can be seen in place over seed 
spots partly hidden in the grass, near the foreground. 


Species: (1) Virginia pine (Pinus virginiana Mill.); (2) shortleaf 
pine (P. echinata Mill.) ; (3) loblolly pine (P. taeda Linn.). 
Season of sowing: (1) Fall—November; (2) spring—early May. 


° “Broomsedge”’ refers to grasses of the genus Andropogon. The species most 
commonly found in old fields are A. virginicus L., A. ternarius Michx., and A. 
scoparius Michx. 
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Figure 2.—The eroded site on the Sumter National Forest in October after the 
screens had been removed. 


Protection against birds and rodents: (1) Seed spots protected by 
ox-shaped covers of hardware cloth; (2) not protected. 
Scarification: (1) Seed spots scalped and the soil loosened with a 
mattock to a depth of 4 to 6 inches; (2) not scarified. 
Raking: (1) Seeds raked into the soil when sown; (2) not raked in. 


Mulching: (1) Seed spots covered after sowing with a mulch of pine 
needles about 1 inch thick; (2) not mulched. 

The design of the experiments was factorial, i. e., all possible com- 
binations of species, season of sowing, and spot treatment—96 alto- 
gether—were represented at each site at each place. The experimental 
unit was a plot of 4 seed spots, each about 1 foot in diameter and 
spaced 4 feet apart. The plots were randomized in blocks, each of 
which contained 1 plot representing each of the 96 species-season- 
treatment combinations. Three blocks (replications) were laid out 
at each site. Hence, for the 2 sites at 2 places, there were 12 blocks, 
comprising altogether 1,152 plots, or 4,608 seed spots. 

The seed used was obtained from Piedmont localities within the 
State where it was to be sown, except that the loblolly pine seed 
used in South Carolina came from North Carolina. It was from the 
crop of the preceding year and was held until needed in sealed cold 
storage. Seed for the spring sowing was stratified for about 2% 
months before sowing in moist sand at 32° to 40° F. The fall-sown 
seed was not treated. The numbers of seed sown were calculated 
from the results of germination tests to provide 25 viable seeds per 
spot. Seeds were counted out separately by spot lots except for 
Virginia pine in South Carolina. Inasmuch as this seed proved to be 
less than 20 percent viable, exact counts seemed an unjustified refine- 
ment, and spot lots were merely estimated by volume. The fall sow- 
ing was done in November 1938, the spring sowing in May 1939. 
This sequence was followed in order that both seedings should 
germinate during the same spring. 
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Intensive records were kept from about June 1 to mid-September 
of the first year. These consisted of (1) weekly counts of the seedlings 
on all spots and determination, if possible, of the cause of all cases of 
mortality; (2) continuous record of air temperature and relative 
humidity, and daily record of maximum and minimum air tempera- 
tures, evaporation from Livingston atmometers, and rainfall; (3) 
daily record of maximum surface soil temperatures for each of the 
spot treatments; (4) weekly records of available soil moisture at 0-3, 
3-6, and 6-12 inches for the different treatments (available moisture 
was obtained by subtracting previously determined wilting percent- 
ages from the total moisture content obtained by oven drying); (5) 
examinations of root development for different species and treatments 
during the latter part of the summer. Extra spots were prepared 
and seeded within the blocks to provide places for soil sampling and 
root examinations without disturbing the spots for which survival 
records were being taken. 

Only two examinations were made during the second year—a 
seedling count in the spring to determine the amount of winter 
mortality, and one in the fall to check additional losses during the 
summer. Formal observations on this series of tests were terminated 
at the end of the second year. 


WEATHER CONDITIONS 


The two experimental areas in South Carolina and Virginia are 
much alike climatically, except that the growing season is about 1 
month longer in South Carolina. Elevations are approximately 500 


feet at both places. The mean rainfall is about 41 inches near the 
Virginia sites, and about 47 inches at the sites in South Carolina, 
The rainfall normally is distributed fairly evenly throughout the year, 
though the fall and spring months are somewhat drier than those of 
midwinter and. midsummer. However, the summer of 1939 was 
relatively dry in South Carolina and relatively wet in Virginia. In 
Virginia, the rainfall was above the normal in June, July, and August, 
and well distributed; consequently, soil moisture never dropped below 
the wilting point except occasionally in the surface 2 or 3 inches, and 
the seedlings suffered very little from drought. In South Carolina, 
on the other hand, the rainfall was 3 inches below normal in June, 
and 1 inch below in July. Only light showers, ranging from 0.1 to 
0.4 inch, fell from sometime in May until July 20. Soil moisture 
hovered at or below the wilting point to depths of 6 inches or more 
during the latter half of June and the first 19 days of July. In 
consequence, there was a good deal of drought injury, especially on 
the average site, the soil of which was a coarse, sandy loam of low 
water-holding capacity. 


RESULTS 


For the sake of brevity, the presentation of results will be restricted 
to those items that directly pointed the way for further experimenta- 
tion, or that have a fairly direct bearing on the final conclusions. 
The records of the site factors and root examinations are mentioned 
briefly and only as they help to explain some aspect of seedling be- 
havior. For the same reason, discussion of methods of analysis of 
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the data will be restricted to procedures, usually without statistical 
tables or detailed explanatory comment. The results will be treated 
in two parts: (1) Survival at the end of the first summer, and (2) 
mortality during the first winter and second summer. 


SuRVIVAL AT THE END oF THE First SUMMER 


Differences in survival during the first summer were in large part 
the expression of differences in germination; that is, the treatments 
and other variables exerted a much greater influence on germination 
than on subsequent survival. Spot treatments affected survival per- 
centages most markedly when and where growing conditions were 
most unfavorable; with favorable conditions the treatments made 
little difference. Drought was by far the most important cause of 
seedling mortality. Some losses from direct heat injury occurred on 
the spring-sown plots because of the fact that germination was 2 to 4 
weeks later there and the seedlings were still tender, with some still 
emerging, when high temperatures developed in June. Practically 
no heat injury was observed among the fall-sown seedlings. The 
losses from damping-off were not serious, and those caused by insects 
were negligible. 

For the experiment as a whole, recorded germination was about 
twice as high on the fall-sown as on the spring-sown plots (8,094 and 
4,081 seedlings respectively); by the end of the summer higher mor- 
tality on the spring-sown plots had increased the ratio of living 
seedlings to approximately 3 to 1 (5,177 and 1,808 seedlings). No 
other treatment produced such a generally prevalent high differential 
in mortality. Spring sowing in May resulted not only in some losses 
from direct heat injury, but also in higher losses from drought. Many 
of the root systems of the spring-sown seedlings were not adequately 
developed to supply them with moisture from the drying soil (fig. 3). 
Both the higher losses and poorer initial germination occurred for the 
same reason—because germination was delayed almost to, or until 
the beginning of hot, dry weather in June. 

The poor response of the spring sowing was more marked in South 
Carolina, where weather conditions were more severe. Sowing in 
early April doubtless would have given results more nearly comparable 
to those of the fall sowing, but at best, spring sowing is more likely to 
fail because it must depend upon artificial treatments of seed to induce 
prompt germination. An appreciable amount of germination ap- 
peared on the spring-sown plots at both places the following year 
(1940), indicating that the stratification treatment had not been 
effective for all seeds. Schopmeyer observed similar delayed germi- 
nation with spring seedings of western species.’ The theoretical 
advantage of spring sowing—that it avoids prolonged exposure of the 
seeds to the foraging of rodents and birds—proved to be of minor 
importance in these tests. Because the fall sowing was so decisively 
superior, all subsequent discussion of the results of exploratory tests 
will pertain to that sowing alone, unless stated otherwise. 


7 ScHopMEYER, C. S. SECOND-YEAR RESULTS OF DIRECT-SEEDING EXPERI- 
MENTS IN THE WESTERN WHITE PINE TYPE USING SCREENS FOR RODENT CONTROL. 
Northern Rocky Mountain Forest & Range Expt. Sta. Res. Note 6, 7 pp. 
1940. [Processed.]} 
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‘ 


Figure 3.—-Comparative root development of spring-sown (left of scale) and 
fall-sown seedlings in mid-June of the first year. 


The data from the fall-sown plots were analyzed first according to 
Yates’ methods * for factorial experiments; the values used were the 
numbers of survivors on each plot. Although, from the practical 
standpoint, percent of stocked spots is a more useful criterion of the 
success or failure of a method, and normally would show a high degree 
of correlation with the number of surviving seedlings, considerable 
discrepancy between the two criteria could readily occur with the 
small number of spots here involved. Therefore, numbers of sur- 
vivors were used in the present analysis because, under the circum- 
stances, they theoretically should provide a more sensitive test of 
treatment effects. Greater emphasis is placed on stocked spots in 


’Yates, F. THE DESIGN AND ANALYSIS OF FACTORIAL EXPERIMENTS. Imp. 
Bur. Soil Sci. Tech. Commun. 35, 96 pp. 1937. 
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discussing the later, more extensive seeding trials. This analysis 
provides evaluations of the over-all effects of each treatment com- 
ponent or other source of variation; it shows, for example, whether 
the average survival on all mulched plots was significantly higher or 
lower than on all unmulched ones, or whether there were significant 
differences in average survival between species. Furthermore, it 
provides evaluations of interactions; for example, whether mulching 
was more or less effective in combination with scarification than is 
indicated by the sum of the separate effects of mulching and scarifica- 
tion, or whether a given treatment affected one species differently 
from another. This analysis does not provide for direct comparisons 
between individual treatment combinations, such as scarified and 
mulched vs. scarified and raked. For such comparisons, recourse 
must be had to different procedures to be discussed later. 

A single comprehensive analysis including all species at both places 
was not carried out because the poor quality of the seed of Virginia 
pine sown in South Carolina was regarded as having disrupted to some 
degree the otherwise perfect balance of the experimental design. 
Consequently, the analysis for both places excluded Virginia pine. A 
second analysis covering all three species was run for the Virginia data 
alone. Others were run for single species. Actually, some of the less 
comprehensive analyses were preferable in that interactions did not 
become so complex and difficult to interpret. The discussion is based 
on the collective results of all analyses. 


TABLE 1.— Analysis of variance of effect of different factors in the survival of seeded 
loblolly pine, on 2 sites } 
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1 Lee Experimental Forest, Va.; Enoree Unit, Sumter National Forest, S.C. Total observations: 192. 
*Significant at 5-percent level. 
**Significant at 1-percent level. 


Table 1 and subsequent comment indicate the general analytical 
procedure. The first section of the table provides tests for place, site, 
and the interaction between them; the second section provides the 
value for error II mean square. Where a factorial analysis is carried 
out, the analysis of variance need not be carried further than here 
shown. From tables of t, 120 degrees of freedom, values of 1.980 and 
2.617 are read for the 5-percent and 1-percent levels, respectively. 
To attain significance at the 5-percent level, therefore, values for main 
effects and interactions derived from the factorial analysis must equal 


or exceed 1.980 7192 79.265, or 244.26; at the 1-percent level they 


must equal or exceed 2.617 X 7192 79.265, or 322.85. 
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There were highly significant ® differences in survival between the 
two sites at each place, but with the unexpected feature that the rela- 
tionship between sites was reversed. In Virginia the average site 
showed higher total survival than the eroded site (1,663 vs. 995 
seedlings), as might be expected, whereas in South Carolina the eroded 
site was much the better (1,732 vs. 787 seedlings on the average site). 
A major cause of poor survival on the South Carolina average site 
apparently was the low water-holding capacity of the A soil horizon 
upon which the seedlings were dependent during their first months. 
Though not ascertained directly, low water-holding capacity of the A 
horizon was indicated clearly by its coarse sandy texture and by wilting 
percentages of about 2 percent, as determined on composite samples 
with oat plants grown to the point of permanent wilting. Low water- 
holding capacity in conjunction with low rainfall during the early part 
of the summer resulted in acute deficiencies of soil moisture and high 
seedling mortality. The comparatively high survival on the eroded 
site is none the less surprising in view of the low rainfall. It is not 
clear why this site gave so much better results than the eroded site in 
Virginia, where the weather was much more favorable. Whatever 
the explanation, the South Carolina results demonstrated that some 
eroded areas, at least, are not unfavorable for germination and early 
survival of pine, and that some comparatively uneroded ones, if the 
topsoil is coarser textured than sandy loam, may be decidedly un- 
favorable if the seedlings are subjected to drought before roots become 
established in the deeper and moister subsoil. 

Despite the converse total effects of site at the two places, com- 
parative behavior of the different species and comparative responses 
to treatments were fairly consistent in relation to site. These are 
summarized below. Except as stated otherwise, all effects and 
differences mentioned were highly significant statistically. 

1. Fall sowing, as previously discussed, was decisively superior to 
spring sowing. 

2. Loblolly pine was decisively superior to the other two species. 
Numbers of surviving seedlings for all sites combined were: loblolly, 
2,506; Virginia, 1,556; shortleaf, 1,115. The difference between Vir- 
ginia pine and shortleaf pine was not significant. 

3. Screens were highly beneficial on all sites with all species. 
Their effect was expressed in both increased germination and lessened 
mortality. However, germination with certain of the unscreened 
treatments was ample to prove that rodent and bird depredations 
were of minor importance. The better results under screens were 
due primarily to their providing partial shade and some reduction 
in air movement. Daily maximum surface soil temperatures on the 
South Carolina eroded site averaged 8° less under screens than 
outside. Figure 4 shows graphically the effect of screens in lessening 
mortality on the South Carolina average site, on which seedling losses 
were highest and consequently most responsive to ameliorative 
influences. 


® Throughout this discussion “highly significant”? means that by statistical tests 
the probability is less than 1 in 100 that the difference could be due to chance; 
‘significant’? means a probability of less than 1 in 20. 
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4. Scarification was beneficial at both places, its effect upon seedling 
survival being highly significant in Virginia, but significant only at 
the 5 percent level in South Carolina. Benefits from this treatment 
were much greater on the average than on the eroded sites. This 
interaction with site is interpreted as a relation of the plant cover: 
the average sites were more heavily vegetated; hence, the scarifica- 
tion, by destroying the cover and alleviating the stress of competition 
on the seed spots, conferred benefits that obviously would not be 
produced where the cover originally was sparse. Mere loosening of 
the soil in itself seemed to be of little importance. 
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Figure 4.—Chart showing effect of screens in lessening seedling mortality (all 
species combined) on scarified and mulched spots on the South Carolina 
average site, together with rainfall record, June through August. The dates 
shown are the days on which seedling counts were made; the horizontal |bars 
represent mean daily percentages of mortality for the intervals between counts. 
Percentages for each interval between counts of seedlings were based on survival 
at the last preceding count. 


5. Raking did not show a significant main effect anywhere; it did, 
however, prove to be highly detrimental in combination with mulch 
(a negative interaction), probably because the seeds were then buried 
so deep that emergence was poor. 

6. Mulching was highly beneficial at both places on the eroded 
sites; on the average sites differences due to mulch were considerably 
less because many more seedlings developed on the nonmulched 
spots. The influence of mulch was expressed mostly in higher 
germination; subsequent survival was not significantly affected. 
This germination response was shown most strikingly in South 
Carolina where, on the eroded site, mulched spots of loblolly pine 
germinated 1,118 seeds as compared to 145 on the nonmulched spots. 
Though germination of all species was increased by mulch, the 
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favorable effects of this treatment were much greater at both places 
for loblolly than for the other two pines. No explanation of this 
species interaction is apparent. ; 

As previously pointed out, the routine factorial analysis, from which 
the above statements are drawn, does not provide for comparisons 
between the various treatment combinations, though in some respects 
these are of more practical importance than evaluation of over-all 
effects of the treatment components. The second phase of the 
analysis, therefore, consisted of setting up tables of differences in 
survival between treatment combinations and applying appropriate 
statistical tests for significance.'° This was done for each of the four 
sites with the species combined, and also for all sites and species 
combined. The most important results derived from these com- 
parisons are as follows: 

1. The most successful treatment, all sites considered, was scarified, 
mulched, and screened (fig. 5). This treatment had a total of 751 


Figure 5.—Scarified, mulched, and screened spots on an average site (loblolly 
pine): A, immediately after seeding; B, about August 1 of the first year. 


survivors in the fall of the first year, in contrast to 67 survivors on 
the untreated spots. Out of 144 spots, 122, or°85 percent, were 
successful, i. e., had 1 or more live seedlings. For loblolly pine alone, 
94 percent of the spots were successful 

The tests were made in the same manner as those for main effects and inter- 
actions in the main factorial analysis shown on page 119, using the same error 


mean square (variance) in a ¢ test. To attain significance at the 5-percent 
level, any difference between two treatments must equal or exceed 1.980 


¥24X 79.265; at the 1-percent level it must equal or exceed 2.617 X ¥24X 79.265. 
Twenty-four is the total number of observations involved in any such comparison. 
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2. On the average sites, the difference between scarified, mulched, 
and screened vs. scarified, raked, and screened was not significant (309 
vs. 384 survivors); on the eroded sites, the former treatment— with 
mulch—was superior; the difference was highly significant (442 vs. 161 
survivors). 

3. On the eroded sites, the difference between scarified, mulched, 
and screened vs. mulched and screened without scarification was not 
significant (442 vs. 416 survivors); on the average sites the former 
treatment—with scarification—was superior; the difference was 
highly significant (309 vs. 36 survivors). 

4. When the screened treatments noted in the two preceding 
paragraphs are compared with their corresponding nonscreened 
treatments, the former are in every instance significantly better. 

5. When the nonscreened treatments are compared with each other, 
the same general relationships appear as for the screened ones. Scar- 
ified and mulched was the best nonscreened treatment, with a total 
. 418 survivors; on the average sites, scarified and raked was almost 

wn 2 with 119 survivors as compared with 153 for scarified and 

hed; on the eroded sites, mulch alone was somewhat poorer than 
sealed and mulched (188 vs. 265 survivors), but still the second best 
nonscreened treatment. The difference in the latter comparison was 
significant on the Virginia eroded site, but not in South Carolina. For 
all species on all sites, 101, or 70 percent of the scarified and mulched 
— were successful ; for loblolly pine alone, 81 percent were successful 
(fig. 6). 


Mortatity AFTER THE First SUMMER 


Mortality during the first winter was appreciable and showed 
definite relationships with treatments which warrant comment. 
Mortality during the second summer was comparatively small, without 
definite relation to treatments, and need not be analyzed further. 
Losses during the second winter were negligible. Ordinarily, it appears 
that most of the seedlings which survive the first year with sufficient 
vigor to put out a healthy leader the second spring have a good chance 
to come through unless subjected to drought or other conditions of 
unusual severity. 

Frost heaving was the major cause of mortality duriig the first 
winter. Losses were approximately twice as high i in the absence of 
mulch as where mulch was present. For all species and both sowing 
seasons combined, mortality from frost heaving (expressed in percent- 
age based on fall survival), was 13.6 for the nonmulched vs. 6.5 for the 
mulched plots in Virginia, and 19.9 vs. 9.2 in South Carolina. On the 
average sites, frost heaving was more severe on scarified spots than 
where the sod was unbroken. The.effect of mulch in reducing losses 
from frost heaving was highly significant statistically when the data 
were analyzed by analysis of variance. 

Causes of winter mortality other than frost heaving were incon- 
sequential on the South Carolina sites; in Virginia, however, con- 
siderable insect damage occurred, presumably in the late fall and early 
spring, through root clipping by white grubs, and stem clipping, the 
agent of which was not observed. The damage was much greater on 
the average than on the eroded site. On the former the two types of 
insects accounted for approximately one-half the total mortality from 
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FicurE 6.—Unscreened, scarified, and mulched spot on average site (loblolly 
pine) in October of the first year, indicating that bird and rodent depredations 
were not serious. 


October to June (306 of the 591 seedlings lost). White grub damage 
was more prevalent in scarified spots, and where there was a good 
depth of loamy topsoil. 

Mortality after the first summer altered the treatment ratings based 
on first-summer survival only.with respect to mulching. Its beneficial 
effect in lessening losses from frost heaving clearly makes it preferable 
as a method of seed coverage on all sites, even though on the average 
sites it did not seem to be essential to germination. 


CORROBORATIVE TESTS 


DESIGN OF EXPERIMENTS, MATERIALS, AND METHODS 


The second phase of the study—corroborative tests of the most 
promising treatment combinations—was planned and seeding was 
done in the winter of 1939-40. Thus it was based on only the first 
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summer’s results from the exploratory tests. These may be sum- 
marized as follows: 

1. Fall sowing was best. 

2. Loblolly pine was the strongest species in starting from seed. 

3. Both the so-called average sites and eroded sites gave good 
results with certain treatments. 

4. Scarified and mulched was generally the best ground treatment, 
but scarified and raked was almost equally good on the average sites 
(in terms of first-summer survival), whereas mulch without scarifica- 
tion was almost equally good on eroded sites. 

5. Screens were decidedly beneficial, but (a) it appeared possible 
to obtain an acceptable percentage of successful spots without such 
protection, and (b) the benefits of screens appeared to be derived 
more from their shading effect than from exclusion of rodents and 
birds. 

On the basis of these findings, tests were planned in which loblolly 
pine was fall-seeded without screens, but with the apparently best 
ground treatments, on 25 widely scattered sites on the Sumter Na- 
tional Forest, S. C., as follows: 

1. Average sites: (a) Newly abandoned, with cover of coarse, 
dicotyledonous weeds; (b) abandoned 4 or more years, with open 
cover of broomsedge; (c) abandoned 4 or more years, with dense 
cover of broomsedge. 

2. Eroded sites: (a) Erosion active, with essentially no cover; 
(b) erosion arrested, with a light cover of poverty grass, bracted 
plantain, or similar vegetation. Thus there were five site subclasses, 
each of which was replicated five times in different places. 

Scarification was universally done on the average sites and omitted 
entirely from the eroded ones. Covering the seeds both by raking 
and mulch was further tested on the average sites; on the eroded ones 
only mulch was used. Two mulch materials were tried—grass and 
sawdust. Grass, which was chosen because of its availability, was 
expected to behave essentially like the pine litter used in the explora- 
tory tests. Since fibrous material tends to become matted and thus 
obstructs seedling emergence, it was thought that sawdust, being 
granular, would prove to be an ideal mulch material. Finally, it was 
desired to test the efficacy of partial shade without excluding rodents 
and birds. This was done by placing green pine branches over the 
= in April at about the time germination was starting. Thus, on 
the average sites there were six treatment combinations under test: 
raking, grass mulch, and sawdust mulch, each with and without 
shade, with scarification as a basic treatment. On the eroded sites 
there were four combinations: grass mulch and sawdust mulch, each 
with and without shade, and all without scarification. 

The treatment units were plots of 20 spots each. One block, con- 
taining 1 plot of each treatment, was laid out at each of the 25 sites. 
The 5 replications of each site subclass thus provided 100 spots for 
each site-treatment combination. 

All seed used was from one lot which had been collected locally 
the preceding fall and held in unsealed cold storage until removed 
for sowing in February. Germination tests were not made; cutting 
tests, however, indicated 80 to 85 percent of the seed to be sound. 
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Approximately 15 seeds (by ocular estimate), aimed at providing 
about 10 germinable seeds, were sown per spot. Subsequent germi- 
nation on the best blocks indicated satisfactorily close attainment 
of that objective, and showed also that the natural stratification of 
the seed on the ground was adequate to induce good spring germina- 
tion where conditions were otherwise favorable. 

Live and dead seedlings on all spots were recorded in June and in 
September of the first year, and in June of the second year. 


RESULTS 


The results of the first June examination, in terms of numbers 
of survivors, were determined by analysis of variance. Differences 
between the three subclasses of the average sites proved to be not 
significant, though there were wide variations between individual sites 
(blocks). The three average site subclasses, therefore, were combined 
in all subsequent computations. By this grouping, 300 spots were 
provided for each treatment. The analysis showed that treatment 
was highly significant. In comparing the methods of seed coverage, 
grass mulch was found to be superior to a highly significant degree 
to sawdust mulch or raking into the soil. The results with raking 
were somewhat poorer than expectations based on exploratory tests. 
Sawdust mulch also failed to come up to expectations. It was inclined 
to blow and wash away, or to become mixed with soil as-a result 
of rain action to such an extent that it did not greatly differ from the 
raking treatment. Shading with pine branches was highly beneficial. 

At the first June examination there were 347 live seedlings on the 
300 spots grass-mulched alone, and 676 on the 300 spots grass-mulched 
and shaded. The percents of successful spots were 53 and 78, respec- 
tively. The percents were brought down by a few poor blocks, includ- 
ing 1 that was practically a total failure. More than half the blocks were 
showing good results at that time. Eight of the 15 plots grass-mulched 
and shaded showed more than 90 percent successful spots. Most 
of the failures apparently were caused by drought; no evidence of 
rodent or bird damage was found. 

The eroded sites gave considerably poorer results than the average 
ones, and much poorer than in the preceding exploratory tests. As on 
the average sites, grass mulch was superior to sawdust mulch and 
shading was superior to no shading. Both differences were highly 
significant. Grass mulch with shade, however, showed only 47 percent 
successful spots; grass mulch alone, 30 percent. It is not clear why 
the eroded sites did so much worse in these tests than in the exploratory 
ones. Obscure differences in site properties may be partly responsible; 
possibly differences in the amount and distribution of spring rainfall 
also played a part. 

Data from the September examination were analyzed in the same 
way. No changes had developed in the relative ratings of the treat- 
ments—grass mulch definitely was the best coverage treatment, and 
survival definitely was better where partial shade had been provided 
(fig. 7). Successful spots, however, had dropped on the average 
sites from 53 to 46 percent for grass mulch alone, and from 78 to 64 
percent for grass mulch with shade. On the eroded sites the reductions 
were from 30 to 26 percent, and from 47 to 39 percent, respectively. 
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Drought had caused most of the mortality. The rainfall had been from 
1.5 to 3.5 inches below normal each month from June through Septem- 
ber, except for a torrential downpour in August. 


Figure 7.—A shaae’ grass-mulched spot on an average site in September of the 
first year. Of the spots so treated, 64 percent were successfully stocked at 
that time. 


The examinations in June of the second year (1941) revealed 
mortality since the previous September of 11.6 to 32.5 percent for the 
various treatments, as shown in table 2. 


TABLE 2.—Seedling mortality by treatment and site for the first winter and second 
ted itol qorenahen ¥ loblolly tied 





] Average sites Eroded sites 


Treatment Septem- | Septem- 
ber 1940 Mortality by ber 1940 Mortality by 
seedling June 1941 seedling June 1941 

survival survival 


Number |Number| Percent) Number 
: ae 172 20 .6 | 2 
faked and shaded________- : 186 26 14.0 | 

Grass mulch - : 271 K 14.0 | 

Grass mulch and shade. . 449 : 29. 2 | 

Sawdust mulch : . 189 2 13.2 | 

Sawdust mulch and shade.___-______- reas { | 29.2 | 


| 














These figures were unexpectedly high, especially in view of the 
fact that mortality was predominantly drought-caused at a time when 
the seedlings were well past the stage of maximum vulnerability to 
that factor. A large part of the mortality occurred.during the spring 
after new growth had started. The year 1941 was unusually dry in 
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the South Carolina Piedmont. At the nearest Weather Bureau sta- 
tion (Newberry, S. C.), nothing but showers (the heaviest 0.7 inch) 
had fallen from January 1 to the second week in June. The total 
deficit for 1941 up to June 10 was about 13 inches, or about 62 per- 
cent of the normal precipitation for that period. South Carolina 
as a whole experienced the driest May since the keeping of records 
began in 1887. These conditions explain the high drought mortality 
and the fact that losses continued to occur among thrifty seedlings 
after the inception of new spring growth. There was only an incon- 
sequential amount of frost heaving during the winter of 1940-41, and 
some small losses from white grubs. Had frost heaving been as 
severe as in the preceding winter, total mortality would have been 
even greater. 

A distinctive feature of the mortality data is the much higher 
losses on shaded than on unshaded spots. Since the shading material 
was fairly well disintegrated by fall of the first year, it would not seem 
to be directly responsible. The most likely explanation seems to be 
that shading saved a good many more or less weak seedlings through 
the first summer that otherwise would have died soon after germina- 
tion; these weaklings then succumbed to the rigors of winter or the 
spring drought and so brought about the marked spread in mortality 
percentages. Despite their higher mortality, the shaded treatments 
still had more survivors than the unshaded ones. 

Successful spots on the average sites dropped from 46 to 40 percent 
for grass mulch alone, and from 64 to 62 percent for grass mulch with 
shade. Nevertheless, 3 plots with grass mulch alone still had 80 
percent successful spots; at the other extreme, 3 plots had only 5 
percent or none. Though a few scattered spots will, of course, fail 
later, most spots going into the second year with one or more healthy 
seedlings ordinarily can be regarded as successfully stocked, and hence, 
in a general way, can be compared on a percentage basis with survival 
of nursery-grown seedlings after transplanting to the field. In such 
a comparison for the locality where these seeding tests were made, 
i.e., the Sumter National Forest, planting showed a decided superiority. 
Results from planting on this forest have been good consistently ever 
since it was started in 1936. Survivals commonly range from 80 
to 90 percent, and thus far no plantation has fallen below 250 seed- 
lings per acre which, for administrative purposes, is the minimum 
number acceptable as satisfactory stocking. Thus, with reference 
to the present seeding tests, and restricting consideration to average 
sites, comparison with planting may be stated as follows: (1) Where 
spots were grass-mulched alone, the average percent successful was 
about one-half the usual percent survival after planting, and in 
only 3 of 15 seeded plots were the results as good as in planting; (2) 
where spots were grass-mulched and shaded, the average percent 
successful was about five-eighths the usual percent after planting, 
although results in 7 of 15 plots were as good or almost as good as in 
planting; (3) for both seed-spot treatments combined, complete or 
nearly complete failure occurred in 5 of 30 plots, whereas planting 
properly done almost never fails. There is no reason to expect 
direct seeding to compare more favorably with planting in localities 
within the region where planting is less successful. On the contrary, 
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situations unfavorable for planting probably would prove in most 
instances to be even more unfavorable for direct seeding. 

The extreme variability, as noted above, in results from plots 
treated alike would seem to indicate that there were decisive differ- 
ences between sites, though chance factors, such as erratic distribu- 
tion of summer showers, doubtless accounted for some of the variations 
in survival from place to place. As noted previously, the three 
average site subclasses, based on type and density of herbacious plant 
cover, did not show statistically significant relationships to seedling 
survival. As far as was observed, no other gross feature of site or 
soil within the “average” category, such as soil texture, depth of A 
horizon, topographic position, etc., showed any consistent relation 
to seedling behavior. Thus, insofar as site controls seedling survival, 
the decisive factors are not the more obvious ones, but obscure 
properties or combinations of properties not easily discernible by 
inspection in the field. 


PRACTICAL FIELD TRIALS 


Although the second series of tests fell far short of complete success, 
the results up to the fall of 1940 seemed sufficiently promising to 
justify a small field trial. It had been fairly well established in the 
first experiments that fall or early winter is the best time to seed and 
that loblolly pine is the species most likely to succeed. The results of 
the second series of tests confirmed those of the first in showing that 
screens are not essential for rodent and bird control and that benefits 
do accrue from partial shading of the spots. The experiments had 
also shown that a mulch of grass or pine litter is essential, both to 
promote germination and to protect against frost heaving. Although 
not experimentally demonstrated, experience indicated that deep 
scarification was not essential on vegetated sites; the basic requirement 
appeared to be the removal of potentially competitive vegetation 
from the seed spots, which can be done by scalping with a mattock 
or similar tool. 

Accordingly, about 11 acres were seeded to loblolly pine on the 
Sumter National Forest in the fall of 1940. Of these, 9.5 acres had 
been long abandoned and were mostly covered by fairly dense broom- 
sedge, except for occasional eroded breaks in the slopes. The top- 
ography was rolling, presenting various aspects, with southerly and 
westerly ones predominating. The soil was of the Cecil series, ranging 
from sandy loam through clay loam to clay, depending on the severity 
of past erosion. The other 1.5 acres, which bad formerly been 
planted to cotton, had been abandoned 1 year. Here erosion and 
cultivation had converted the Cecil soil, which probably had been 
sandy loam, to a friable clay loam. There was only a sparse weed 
cover. In addition, 2.25 acres in the broomsedge area and 0.6 acre 
of the newly abandoned field were planted with 1-0 nursery stock 
by the customary bar-slit method in order to compare both costs and 
results. All the work was done with Civilian Conservation Corps 
labor, observing as nearly as possible the same standards of perform- 
ance as would be followed on regular Forest Service jobs. 

On the heavily vegetated fields the seed spots were scalped and 
mulched with grass raked up nearby; on the newly abandoned, 
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sparsely vegetated field, no ground preparation was done and pine 
litter was hauled in for mulch. The spacing was 6 by 6 feet, as in 
planting. An average of 1.4 pounds of seed per acre was sown, which 
probably was slightly heavier than the planned rate of 20 seeds (about 
15 sound seeds) per spot. As in the tests of the preceding year, all the 
seed used was from one local collection of the year before which had 
been held in unsealed cold storage. The seed was 75 to 80 percent 
sound; germination tests were not made. 

Table 3 presents an analysis of the seeding and planting costs for 
the two cover conditions. Only the major items of labor and materials 
are considered; no estimate is included for several other lesser items 


TABLE 3.—Analysts of seeding and planting costs per-acre-equivalent of 1,210 spots 
of loblolly pine 





| | Pounds of Costs for | 
seria arr? | Man- seed or | Costs for ee dough Be 
Field and operation | hours!) number of | labor? | Ss cost 
| seedlings | | 
| 





| | | | 
18.00 | ; $4.50] $3.91 | $8.41 
3.33| 9.14 


Seeding. --- 
Planting 
Sparse vegetation: 
Seeding -- as 
Se 


} 
Broomsedge: 


e 

1 The planting crew was experienced and efficient, whereas the seeding crew was comparatively inexpe- 
rienced, hence somewhat less efficient. 
2? Civilian Conservation Corps labor computed at 25 cents per hour. 


§ Seed computed at $2.79 per pound; stock at $2.75 per thousand; these are 5-year average costs, respec- 
tively, for Forest Service, Region 8, and for the Enoree Nursery on the Sumter National Forest. 





of cost, such as supervision and transportation, because they would 
be essentially the same for both seeding and planting. On the broom- 
sedge area the table shows a cost differential of 73 cents in favor of 
seeding. Inasmuch as the planting crew was experienced and well 
trained, whereas the seeding crew was wholly inexperienced and but 
slightly trained, it should certainly be possible to increase the labor- 
expense differential by $1 or perhaps even $2 if the two operations 
were done at the same level of efficiency. The cost comparison on the 
sparsely vegetated site was less satisfactory, because the seeding was 
done just after a rain which had made the field too soft for trucks and 
necessitated carrying the mulch in from the roadside. In this instance 
the seeding cost almost $2 more per acre than planting. However, 
in either national forest or private commercial operations where, 
with proper planning, mulch distribution could be done in dry weather, 
it should be possible to seed this type of site at a cost as low as or even 
lower than for planting. Despite these possible cost differentials in 
favor of seeding, it is obvious that screening, shading, or other additi- 
tional treatments are not economically feasible except under special 
circumstances where higher costs might be justified, or on small private 
jobs where the landowner could contribute his own labor at little or 
no cost. 

The severe drought of the spring and early summer of 1941 has 
previously been noted in connection with mortality in the second 
series of tests. Because of that drought, the seeding tests here de- 
scribed failed almost completely. The failure was primarily in ger- 
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mination; of the few seedlings that did emerge, nearly all had died 
by June 10 when the drought was broken. On the broomsedge fields 
only 3.4 percent of the spots showed live seedlings on June 12; the 
sparsely vegetated field was slightly better, with 11.5 percent success- 
ful spots. Neither aspect nor topographic position made much dif- 
ference in the final results, though germination had been appreciably 
better on a low-lying area that stayed moist longer in the spring. 
Sufficient germination appeared on portions of this low area to show 
that the general failure could not be charged to low viability of the 
seed, nor to lack of stratification, but was without question caused 
by the drought. Survival was slightly better on the clayey soils of 
the eroded spots than elsewhere. In contrast, the planted stock 
showed 79.3 percent survival on the broomsedge field, and 94.8 percent 
on the sparsely vegetated one. 

Had these tests been wholly or partly successful, they were to have 
been repeated several times until a substantial amount of data on 
costs and survival from seeding as compared with planting had been 
accumulated. However, with these trials ending in complete failure 
and those of the preceding year showing only 40 “percent mean stock- 
ing on average sites 1 year after germination, it was clear that direct 
seeding by the methods here used is a very uncertain operation. It 
fails by far to meet the requirement of consistent performance. Fur- 
ther tests of the same sort would not have altered that basic fact, 
regardless of weather encountered or results obtained. For that rea- 
son, investigation along the lines herein described has been terminated. 
If and when further work is done it should be based on methods 
that offer promise of providing better protection against or escape. 
from drought, and that will cost less, or at least no more, than those 
used in the experiments here described. 


DISCUSSION AND RECOMMENDATIONS 


Fundamentally, it is on the basis of costs per acre of successfully 
established plantation that direct seeding must stand or fall in com- 
parison with planting. It is perhaps fortunate that some of these 
tests were subjected to droughts, including one of unusual severity, 
for they emphasize forcefully that direct seeding as done here is 
much more uncertain than planting—that it is doomed to fail on 
some sites in all but the most favorable years, and on nearly all sites 
in the driest years. Therefore, to show an ultimate economic advan- 
tage over planting, seeding must be done at considerably lower original 
costs per acre. How much lower cannot be said as yet, but 25 per- 
cent below planting costs perhaps approximates the minimum margin; 
50 percent probably more closely approaches the margin required 
fully to compensate for the more frequent imperfections in stocking 
that will result from direct seeding, for the occasional thinning that 
may be necessary when favorable conditions enable several seedlings 
per spot to survive, and for the extra administrative details involved 
in grading imperfect stands and reseeding partial failures. Present 
experience indicates that to undercut planting costs by 25 percent 
or more while using hand-labor methods would be difficult, if not 
impossible, without “further skimping on cultural treatments ‘already 
reduced to a minimum. 
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Both the first and second series of tests indicated that differences 
between sites may tip the balance to success or failure in years of 
moderate drought. The logical reaction to this fact is to try to discern 
the properties of site that predispose it to success or failure; the 
corollary action then would be to seed only on picked sites. The 
difficulty is that the determining site properties apparently are obscure 
and not definitely identified with the more obvious, gross differences 
in such factors as density of plant cover, soil texture, or topographic 
position. The only site relationships that have emerged with any 
degree of certainty from these tests are (1) that very sandy soils are 
poor seeding sites, and (2) that in the aggregate eroded areas are poorer 
seeding sites than areas still having a fair depth of topsoil, though in 
many individual instances this relationship is reversed. For most 
sites there do not appear to be any easily recognized, reliable criteria 
by which to judge the likelihood of success or failure. If direct seeding 
at no more than 25 percent under planting costs is to be of real signifi- 
cance in reforestation work, it must succeed in most years on at least 
some large, clearly defined class of sites. Falling short of these require- 
ments, it is of doubtful and limited utility, because these requirements 
and more are met by planting. 

The primary conclusion to be derived from the experiments is, 
therefore, that from a strictly economic standpoint, direct seeding by 
any of the hand methods herein described cannot be recommended 
as a substitute for, nor as a large-scale supplement to, planting for the 
establishment of pines in the southern Piedmont region. 

It follows as a corollary that if costs could be substantially reduced 
by methods other than those tested in these experiments, so that a 
larger margin of failures could be tolerated, direct seeding might 
become an important method of reforestation, though it probably 
would always occupy a position supplemental to planting. By those 
other methods are meant machine methods of site preparation and 
also possibly machine seeding. There are two basic approaches to 
the problem of site preparation by machines: (1) furrowing, either 
contour, or off-contour with check dams to prevent gullying, and 
(2) rigorous scarification in rows or strips. The latter might call for 
the design of special equipment. Both treatments not only offer some 
promise of reducing costs but also may better conserve and supply 
moisture, and thus render more sites potentially successful in more 
years than spot treatment by hand labor. 

Though the primary conclusion, as stated above, is definitely 
negative, the evidence that direct seeding, if tried, would succeed in 
many instances—possibly more than 50 percent on the average— 
justifies these positive recommendations: 

(1) If a public forestry agency on short notice should be called upon 
to supply jobs for large numbers of temporary relief laborers, and seed 
were available, a program of direct seeding would be a well-justified 
utilization of such labor. 

(2) If a public forestry agency could readily obtain more seed at a 
reasonable cost than could be utilized on existing nursery space, direct 
seeding on a limited scale probably would be justified as a measure for 
speeding up reforestation work. 
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(3) If a farmer wished to reforest a few acres during his winter spare 
time and had a source of seed, direct seeding would enable him to do it 
entirely by his own labor. He should understand, however, that he 
might have to reseed some spots or parts of the area one or more times 
before obtaining a full stand. 

For direct seeding by hand labor, the following is recommended as 
the minimum treatment for vegetated areas: (1) Scalp spots about 
18 inches in diameter with a mattock or hazel hoe, (2) seatter enough 
seed on each spot to provide 10 to 15 viable seed, (3) cover with not 
more than 1 inch of grass or pine-litter mulch, well spread to avoid 
thick lumps or mats. Thickness of the mulch is critically important. 
It should be not more than about one-half inch thick when settled— 
just enough to cover the soil. Greater thickness seriously interferes 
with seedling emergence. On bare areas, or recently abandoned 
fields supporting only annual weeds, sc alping need not be done. 
Space the spots as in planting, which for the Piedmont region is 
customarily 6 by 6 feet. 

If circumstances permit a greater expenditure of labor or materials 
for seeding, germination and early survival can be markedly improved 
by covering the spots with hardware-cloth screens during the first 
summer, or with brush or green pine branches. When pine branches 
are used, they must be stuck in the ground or otherwise supported 
above the spots so as not to mat down on the seedlings. 

Seeding may be done with untreated seed from October to February. 
Stratified seed is required for seeding later in the spring. No seeding 
should be done after early April. 

Within its range, loblolly pine is recommended as more likely to 
succeed with direct seeding than shortleaf pine or Virginia pine. This, 
however, does not rule the latter two species out of consideration 
where for any reason their use is necessary or desirable. It should be 
noted in considering species that the seeds of both shortleaf pine and 
Virginia pine run from 2 to 3 times as many per pound as for loblolly 
pine. Hence, if situations could be found where the smaller-seeded 
species would respond as well as loblolly pine to seeding, some saving 
in seed cost probably could be effected by their use. It is quite pos- 
sible that the small-seeded species could be sown with a fair measure of 
success within their natural altitudinal range in the mountains where 
drought is somewhat less prevalent than in the Piedmont. Assuming 
the same costs per pound and other factors, such as viability and 
germinative energy, to be equal, the small-seeded species would cost 
from $1 to $2 less per acre with seed valued at $2.50 to $3 per pound. 


SUMMARY 


This study of direct seeding of pine was made (1) to evaluate the 
effects of different treatments on germination and early survival; (2) 
to compare the suitability for direct seeding of three native southern 
pines (loblolly, shortleaf, and Virginia pine) ; and (3) to learn whether 
it is possible to seed any or all of these pines with reasonably consistent 
success at less cost than is required to plant nursery-grown stock. All 

tests were made on abandoned farm land in the Piedmont section of 
South Carolina and Virginia. The experiment was divided into three 
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phases: Exploratory tests of a wide range of species-site-treatment 
combinations; corroborative tests of the combinations showing the 
greatest promise of success in the first tests; and trials on a field scale, 
with cost records, of the combinations finally selected as most likely 
to be of practical utility. 

Fall or early winter sowing was found to be better than spring sow- 
ing. Loblolly pine started better from seed than either shortleaf or 
Virginia pine. Scarification or scalping of seed spots was essential on 
well-vegetated sites, but of little or no benefit on eroded, sparsely 
vegetated sites. Seeds covered with a mulch of plant litter, such as 
pine needles or grass, germinated better than those merely raked into 
the soil. Mulching and raking in combination were unfavorable to 
germination because the seeds were buried too deep. Mulch inhibited 
frost heaving. Its benefits were greatest, as regards both germination 
and frost heaving, on bare, eroded sites. 

Birds and rodents did not commit serious depredations to seedlings. 
Screen covers over the spots were nevertheless markedly beneficial, 
primarily because of the partial shade cast by them. Similar benefits 
were obtained by shading the spots with pine branches. 

Badly eroded areas in the aggregate were poorer seeding sites than 
slightly eroded, average ones, but in many instances this relationship 
was reversed. Very sandy soils tended to be unfavorable. Wide 
variability in results from apparently similar sites indicated that often 
there are important differences not readily discernible in the field. 

The best treatment tried, all sites considered, was scarification, 
mulching, and screening. In the exploratory tests, the only ones in 
which screens were used, the above treatment with loblolly pine re- 
sulted in 94 percent successful spots at the end of the first summer. 
This treatment is impracticable, however, because the application 
costs more than the planting of nursery stock. 

On well-vegetated average sites, the treatment that could be ap- 
plied with best results at a cost not greater than the cost for planting 
was scarification and mulching. In the exploratory tests, this treat- 
ment with loblolly pine resulted in 81 percent successful spots at the 
end of the first summer. But in the second series of tests, on 15 
widely scattered average sites, it gave only 46 percent successful spots 
at the end of the first summer. 

The seedings on the eroded sites in the second series of tests, which 
were given only a mulch, had but 26 percent successful spots at the 
end of the first summer. 

The third series of tests, in which the seed spots were scalped and 
mulched on a well-vegetated site and mulched only on a sparsely 
vegetated one, indicated that seeding can be done with hand labor at 
less than the cost for planting, but not at enough less cost to com- 
pensate for the inevitable margin of failures attending direct seeding. 

In June, immediately after germination in the third series of tests, 
only 3.4 percent of the spots were successful on the well-vegetated 
area, and 11.5 percent on the sparsely vegetated one. Nursery- 
grown seedlings planted during the preceding winter on parts of the 
same fields showed 79 percent and 95 percent survival, respectively, 
for the two site conditions. 
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The major cause of germination failures and mortality after germ- 
ination was drought. Differences in results for the three series of 
tests are for the most part expressions of differences in amount and dis- 
tribution of rainfall from year to year. The low germination of the 
third series was caused by a spring drought of exceptional severity. 

The results of the tests show that although direct seeding may suc- 
ceed On some sites in some years, none of the methods tested can be 
recommended from an economic standpoint as a substitute for or as 
a large-scale supplement to planting for the establishment of pines in 
the southern Piedmont region. 
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A COMPARISON OF THE EFFECTS OF HEAT AND 
X-RAYS ON DORMANT SEEDS OF CEREALS, WITH 
SPECIAL REFERENCE TO POLYPLOIDY'! 


By Luruer Situ? 


Associate geneticist, Division of Cereal Crops and Diseases, Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture 


INTRODUCTION 


The extent to which genetic effects of heat and X-rays are compara- 
ble has been the subject of considerable discussion. Studies of X-ray 
effects have shown that tolerance and frequency of chromosomal 
aberrations increase with polyploidy. The present investigation was 
undertaken to verify and extend these observations with X-rays and 
to compare the results with those obtained with heat treatment. The 
first part of the paper deals with the effects of heat and X-rays on the 
viability of seeds of diploid and polyploid lines of the same or related 
species of cereals and with the effects of combinations of heat and 
X-ray treatments on seeds of diploid wheat and barley. The rest of 
the paper is concerned with the effects of heat and X-rays on certain 
genetic aberrations, namely frequencies of chromatinic bridges in 
mitotic divisions of root tips, translocations, and mutations. 

Some of the results of these and other experiments on the relation 
of number of chromosomes in pollen to the frequency of X-ray-induced 
chromosomal aberrations have been briefly presented by Smith (28). * 


REVIEW OF LITERATURE 


Age, heat, and X-rays have been reported to produce a number of 
similar genetic, cytologic, or physiologic effects in seeds and in plants 
grown from treated seeds. After appropriate action of these agents, 
germination has been reported to be lower and slower, viability of the 
seedlings reduced, chromosomal irregularities in root tips more numer- 
ous, meiotic disturbances more frequent, sterility increased, and muta- 
tion frequency stepped up. Furthermore, the activity of each of 


1 Received for publication December 9, 1944. This work was carried out in 
cooperation with the Field Crops Department, Missouri Agricultural Experiment 
Station. Contribution from the Field Crops Department, Missouri Agricultural 
Experiment, Station; Journal Series Paper No. 908. 

? Grateful thanks are extended to all who provided the seed stocks used in this 
study and also to Miss Ruth E. Ray, who prepared many of the slides for cyto- 
logical examination and made most of the counts on bridges in root-tip smears. 

8 Italic numbers in parentheses refer to Literature Cited, p. 157. 
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these three agents is intensified by increasing the moisture content of 
the seeds. The reader is referred to Shkvarnikov (24) and Crocker 
(4) for reviews of literature on the effects of age; to Plough (20) and 
Randolph (21) for literature on the effects of heat; and to Goodspeed 
and Uber (10) for that on the effects of X-rays. 

Although age, heat, and X-rays produce a number of similar effects, 
there is disagreement as to how these three agents reduce viability in 
seeds. Crocker (4, p. 249), from his analysis of the literature on the 
life span of seeds, concluded that ‘the age degeneration of seeds is 
probably due to a gradual dislocation in the delicate chromosome 
apparatus of cells of the embryo.” On the other hand, Navashin 
et al. (16, p. 951) stated that “dying out [of old seed] cannot depend 
merely on accumulation of mutations, but should be caused by some 
other factors, too.” Avery and Blakeslee (2) found that the muta- 
tion rate of Datura seed buried 39 years in soil was higher than in the 
controls but (p. 70) “much lower than from seed ‘aged’ under labora- 
tory conditions.” This indicates that the conditions under which 
aging takes place may be more important in producing genetic changes 
than age itself. 

Groves (1/2), from his experiments on the relation of temperature 
to the life duration of seeds of common wheat, concluded that the 
killing effect of high temperatures followed the pattern of coagulation 
of proteins by heat. Peto (18, 19), Shkvarnikov (24), and Shkvarnikov 
and Navashin (25) reported that heat induced high frequencies of 
chromosomal irregularities, which could result in loss of viability. 

As for the killing effects of X-rays, Fréier and Gustafsson (8, p. 44), 
from their experiments on barley and wheat, concluded that “seed 
mortality induced by X-radiation is most probably an expression of 
chromosomal and genic disturbances.’”’ However, Kempton and 
Maxwell (14) doubted that chromosomal derangements were the 
cause of the death of seedlings grown from irradiated seeds of maize. 
This latter view is given some support-by the evidence of Smith (27) 
on a mutant type of wheat that was killed by smaller doses of X-rays 
than the normal, although unpublished data indicate that the fre- 
quencies of chromosomal aberrations in the mutant and normal 
given the same X-ray dose are comparable. Sax (23) concluded that 
X-ray-induced chromosomal alterations are the chief cause of injury 
to individual cells, but (p. 537) “in the reaction of tissues to X-rays 
the physiological effects may play a more important part.” 

Little information on the relation of polyploidy to the effect of age 
on viability can be obtained from the literature on longevity of seeds, 
because few comparisons have included polyploid and nonpolyploid 
species of the same genus. From a small number of such comparisons 
in the experiments of Ewart (5), Carruthers (3), Goss (11), and Robert- 
son and Lute (22) there is no indication that polyploidy has any 
effect on the longevity of seeds. 

The relation of polyploidy to tolerance of seeds to heat has received 
little attention, although some observations that bear on the problem 
have been made. In the experiments of Atanasoff and Johnson (/), 
testing the efficacy of dry heat as a sterilizing agent for certain disease 
organisms borne on cereal seeds, there was no significant difference 
in the tolerance of durum wheat (2n=28), varieties of common wheat 
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(2n==42), and varieties of other farm crops, polyploid and nonpoly- 
ploid, though not of the same genus. Data of other writers reveal 
similar results. 

The relation of polyploidy to the effect of X-rays has been studied 
to a greater extent. Stadler (30), Fréier (6), and others have shown 
that seeds of polyploid species are able to survive heavier treatments 
of X-rays than diploid related species. Fréier, Gelin, and Gustafsson 
(7) irradiated dormant seeds of Triticum monococcum, T. durum, T. 
pulgare, and Avena sativa and observed that after treatment with 5,000 
roentgens (r.) the frequency of telophases with bridges and fragments 
in root-tip cells was directly proportional to the number of genoms 
present. This relation was not so apparent at higher doses. Germi- 
nation and sprouting ability of the tetraploid and hexaploid species 
were unimpaired even when 50 percent of the mitoses had bridges or 
fragments or both, but the growth of the diploid was impaired with 
low disturbance frequencies and low dosages. 


MATERIAL AND METHODS 


Seeds of diploid, tetraploid, and hexaploid species of wheat and oats; 
diploid and autotetraploid barley, rye, and maize; and an amphidip- 
loid were included in the heat and X-ray comparisons. Table 1 gives 
a list of the species and varieties used in these studies, their chromo- 
some numbers, and the percentage of moisture in the dormant seeds. 
In addition to the varieties, several lines of einkorn derived from crosses 
between mutants were used. Descriptions of most of these mutants 
were given by Smith (26). The diploid line of maize was derived from 
the autotetraploid. 

No attempt was made to determine the percentage of moisture in 
the seeds at the time the various treatments were made. For this 
study it was considered more important and sufficient that the con- 
ditions of storage be comparable for the various stocks. For that 
reason the seeds were stored in the same room and same type of con- 
tainer and for the most part in the same metal storage box. Near 
the conclusion of the experiments in March 1942, a determination 
of the moisture content was made by drying seeds of the various 
stocks at about 110° C. for.2 to 3 days. The percentages are pre- 
sumably less than they would have been if the determinations had 
been made at another time of year when the humidity in the building 
in which they were stored was higher. 

Various tests made are not reported here, because they were of 
a preliminary nature or because the results from other tests were 
more significant. 

The X-ray treatments were applied to the dormant seeds as they 
lay in a single layer on a piece of cardboard. The seeds of maize were 
turned germ up; the others lay at random. In order to keep the tem- 
perature down, the cardboard was supported on a tray containing ice 
cubes. Under these conditions and with a fan stirring the air, the 
temperature of the atmosphere surrounding the seeds remained below 
33° C. during the treatments. The X-ray apparatus was operated at 
about 130 kilovolts (peak), 4-milliampere tube current. The card- 
board on which the seeds lay was 7% inches from the target of the 
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X-ray tube. Under these conditions the seeds received approximately 
325 r. per minute. 


TaBLe 1.—Species and varieties of cereals, chromosome groups and numbers, and 
percentage of moisture in dormant seeds 





| Somatic 
Chromosome group | chromo- 
| somes 


Species and variety 





| Number | Percent 
Triticum monococcum L. var. flavescens Koern | nats wheat 14 9.3 


Triticum ee hornemanni (Clem. y Rubio) jee ; 14 9.0 
Koern. and Wern. 

Triticum monococcum (g e-2)___-. RO Se te ree [eS : See 9.2 

Triticum monococcum (ga xs) ‘ --do 9.0 

Triticum durum Desf. (purple-seeded) chicken a ae ae 

Triticum durum var. area 

Triticum durum var. Kuban 

Triticum persicum (Boiss.) ita and Hemsl._- 

Triticum timopheevi Zhuk 

Triticum aestivum ' L. var. Marquis__-_._____- 

Triticum aestivum var. Chinese Spring --_-__- : 

Avena strigosa Schreb : a 


2! 


Diploid oats 
Tetraploid oats. __- 
....--| Hexaploid oats__ 


Avena abyssinica Hochst__ Five le 

Avena sativa L. var Columbia 
Avena byzantina C. Koch var. Bond_________- 
Hordeum vulgare L. var. Everest____....__.__- ae. 
Hordeum vulgare var. autotetraploid 2 Everest ______- 
Secale cereale L. var. Rosen 7 a 
Secale cereale var. autotetraploid * Rosen_- 

Zea mays L eee 

Zea mays (autotetraploid 4 maize) 

Aegilops wniaristata Vis 

Triticum monococcum X A. wniaristata * 


Cac eS 


Comoe 
SuSeKwoe worn. 


.do 
ie Diploid ‘barley - 
| Tetraploid barley 
Diploid rye-_- 
Tetraploid rye 
Diploid maize- “ 
Tetraploid maize._____- 
Diploid goatgrass_____.____-- 
Amphidiploid__.----__--__-- 


ewes 


Om 


om 





1 Triticum aestivum, originally applied by Linnaeus to the bearded spring wheats only, under the Inter- 
national Rules of Botanical Nomenclature becomes the specific name for all common bread wheats, since 
it was the earliest name applied to any of the varieties of this group. The concept of this species as emended 
by Host under the name of 7’. vulgare Vill. is that now most generally accepted by wheat specialists. Wheat 
specialists likewise have preferred the name 7’. vulgare because it is more truly descriptive of the species, 
The name 7’. vulgare, however, is untenable under present rules of nomenclature, since it was originally 
proposed by Villars merely to replace the earlier name, 7’. aestivum. It is hoped, howev er, that at an appro- 
priate time, the rules can be amended so that the name 7’.  sulgare can be conserved for this species. 

2 Obtained from Harland Stevens. 4 Obtained from L. F. Randolph, 

3 Obtained from Ernest Dorsey. 5 Obtained from E. R. Sears. 


For the heat treatments the seeds were placed in vials (30-cc. for 
maize, 10-cc. for other seeds), which were then tightly corked. The 
vials were placed in thermostatically regulated electric ovens in which, 
for most tests, the temperature did not vary more than 1.5° C. There 
was considerable air space in the vials, but since the relative spaces 
were comparable this is considered to be of no importance in the com- 
parisons between stocks. 

Conditions for germination and growth are given in the presentation 
of results. When grown for seedling data, the seeds were planted in 
soil flats in a greenhouse, where both germination and growth were 
less variable than in petri dishes. 

In order to determine whether the treatments had any delaying 
effect, the date when germination began in petri dishes or when the 
seedlings began to emerge from the soil was recorded. Later the height 
of the seedlings, as well as their number, was noted for the plantings 
in soil. Measurements were made by placing a rule beside the clump 
of seedlings and estimating their average height. 

Certain of the seeds were planted in metal bands filled with soil, 
and the plants were transferred to pots or to the field, grown to 
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maturity, and examined cytologically for meiotic disturbances, par- 
ticularly translocations. The acetocarmine smear technique was used 
for cytological observations. The plants from some of these experi- 
ments were tested for mutations. 

For determining the frequency of chromatinic bridges in somatic 
divisions, root tips were taken from seeds germinating in petri dishes, 
fixed in Carnoy’s fluid for a week or more, and smeared in aceto- 
carmine. 

EXPERIMENTAL RESULTS 


HEAT TOLERANCE AS AFFECTED BY POLYPLOIDY 


In some tests the relation of polyploidy to the tolerance of dormant 
seeds to heat treatment was determined by germination and seedling 
growth and in others by germination only. Table 2 summarizes the 
results of three tests in which germination was determined. In two 
tests the seeds were sterilized in bichloride of mercury (2 parts in 500 
parts of 50-percent ethyl alcohol) for 1 minute, after which they were 
germinated on 2-percent sterile agar at 26° C. In the third test the 
seeds were germinated on moist blotters in petri dishes. The stocks 
tested included seven strains of diploid, four strains of tetraploid, and 
two strains of hexaploid wheat; diploid and autotetraploid barley and 
rye; and the amphidiploid. 

The results were irregular and not ideal, mainly because of practical 
difficulties in sterilizing and germinating the seeds, and because 
germination of seeds of some of the stocks was low. Nevertheless, it 
is apparent that, with the possible exception of the amphidiploid, 
polyploidy did not appreciably improve the survival. The amphidip- 
loid survived the treatments better than Aegilops uniaristata and 
better than some stocks of diploid wheat. 

Seedlings from the controls and from some of the more severe treat- 
ments were planted in soil to be grown to maturity for cytological 
study and harvested for a study of mutation rate. Observations on 
these seedlings indicated that those from the controls and from seeds 
treated at 60° and 65° C. for 5 days differed little. ‘Most of the seed- 
lings from the seeds treated at 70° for 5 days were distinctly injured. 
There were differences in the injury to the various stocks of diploid 
wheat, some being injured less, but none more than the tetraploid or 
hexaploid. Seedlings of the diploid barley and rye were at least as 
vigorous as the autotetraploids. Seedlings of the amphidiploid were 
injured as much or more than seedlings of the diploid parents. 

Table 3 presents the combined results of two tests in which data on 
both germination and growth of seedlings were recorded. In these 
tests the treatments were at a higher temperature and of shorter dura- 
tion than in the previous experiments. After treatment the seeds 
were planted in soil flats. When the seedlings began to emerge, their 
number and estimated average height were recorded at intervals of 
2 to 5 days for about 20 days. 

The stocks tested included diploid, tetraploid, and hexaploid wheat 
and oats; diploid and autotetraploid rye and maize; and the amphi- 
diploid. Two varieties of tetraploid and hexaploid wheat and hexa- 
ploid oats were used, and one stock of each of the others. From table 3 
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TABLE 2.—Relation of polyploidy to tolerance of dormant seeds to heat treatments, 
as measured by poreneneibon 








| | 

| Somatic a RGNES Gee Seeds 

Stock | chromo- germi- 

somes | Temper- Tay nating 
ature i | 


Number | 
14 


Diploid wheat | | 
Tetraploid wheat 28 | 
Hexaploid wheat. 42 


Diploid wheat 
Tetraploid wheat 
Hexaploid wheat - ---- 


Diploid wheat----- 
Tetraploid wheat -- 
Hexaploid wheat - - 


Diploid wheat 
Tetraploid wheat 
Hexaploid wheat - -- 


Diplcid wh eat_-_..-- en Cees 
Tetraploid wheat 
Hexaploid wheat - - _-. 


Diploid wheat--.---_--- 
Tetraploid wheat. 
Hexaploid wheat. -_--- z 


Diploid wheat. 
Tetraploid wheat 
Hexaploid wheat 


Diploid barley - - ------ 
Autotetraploid barley 





Diploid barley ? 
Autotetraploid barley 


NE le, eo de cas Gn cacemaluawass anno 
Autotetraploid ‘barley y 





SSN ee a 
Autotetraploid barley y 


Diploid barley - ~~... ------ 
Autotetraploid barley 


ee Penne : 
Autotetraploid barley =e 


Diploid rye 
Autotetraploid rye- 


TS RE EE ee 
Autotetraploid rye 


Diploid rye — 
Awmovetrapiola Tye.......-<........-.-.<. 


Diploid rye 
Autotetraploid rye 


Diploid rye 

Autotetraploid rye 

Diploid rye-- 

Autotetraploid rye -_..------ 


Aegilops wniaristala 
Diploid wheat- A. uniaristata amphidiploid - .--- 


Aegilops uniaristata ; 
Diploid wheat-A. wniaristata amphidiploid- .-.--..--| 


Aegilops uniaristata 
Diploid wheat-A. uniaristata amphidiploid 


See footnotes at end of table. 
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Tasie 2.—Relation of polyploidy to tolerance of dormant seeds to heat treatments, 
as measured by germination—Continued 





| | 
| Treatment 
| Somatic | Act Mis on Seeds 
Stock | chromo- | | ~— germi- 
| somes | Temper-| Dura- “ nating 
} ature tion 





eas Maas | 

| Number | °C. | Days | Number | Percent ' 
Aegilops wniaristata.____. ee 14 70 | 26 j 
Diploid wheat-A. uniaristata amphidiploid 28 70 | 


‘ 26 | 3 
90 
Aegilops wniaristata | 14 60 | as 
Diploid wheat-A. wniaristata amphidiploid 28 60 | ° 
Aegilops uniaristata. ---- Ss 14 65 | . 
Diploid wheat-A. wniaristata amphidiploid 28 65 | 51 

1 After 5 days; for untreated seeds, value indicates actua! germination percentage; for treated seeds, per- 
centage of the germination of the control. 

? Control. 








it is evident that seeds with the higher numbers of chromosomes had 
no greater tolerance for heat treatment as measured either by sur- 
vival or by growth of the seedlings. Actually in several cases the 
polyploids were injured more. 

The species of oats survived considerably longer treatments than 
the other stocks; it is of interest to note in this connection that, ac- 
cording to Crocker (4), seeds of oats usually remain viable longer than 
those of wheat, rye, barley, or maize. This may indicate a similarity 
in the effects of age and heat on viability. 

In these and other tests it was apparent that, though in some cases 
germination was reduced or delayed by heat treatment, once the seed- 
lings emerged they had a tendency to recover quickly and approach 
the height of seedlings from the untreated seeds. 

Several plants of hexaploid oats and the amphidiploid were more or 
less devoid of chlorophyll in the early stages of growth. These seed- 
lings resembled the “ghostlike’’ mutants in wheat, barley, and maize. 
Such peculiar individuals were observed among seedlings of several 
stocks from a number of the more severe treatments in various experi- 
ments. These ‘‘ghostlike’”’ seedlings emphasize the relation inherit- 
ance bears to the control of sensitivity of biological responses (prob- 
ably biochemical reactions) to environmental factors, including 
temperature. Thus many mutants, such as virescents, can be dis- 
tinguished from normal plants only when grown at low temperatures, 
but other mutant characters have a different response and are exag- 
gerated by high temperatures and become distinguishable. 


X-RAY TOLERANCE AS AFFECTED BY POLYPLOIDY 


Germination alone is not a critical test of the tolerance of sceds 
to X-rays, since there is a delayed killing effect. Therefore, after 
treatment with X-rays all seeds were planted in greenhouse flats for 
data on emergence and height of seedlings. 

Table 4 summarizes the results of four tests. Two of these were 
run in conjunction with two of the heat-treatment tests included in 
table 3. The seeds were divided into two groups that were handled 
in the same way except that one group was given heat treatments 
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TABLE 3.—Relation of polyploidy to tolerance of dormant seeds to heat treatments, as 
measured by germination and seedling height 


Treatment 


Somatic 
Stock | chromo- | | 
somes | Temper-| Dura- | | 
ature | tion | | 


Seeds 
germi- 
nating 


| Height of 
| seedlings 
| 


| Number | °C. | Minutes | Number | Percent! | Percent? 
Diploid wheat s 1 (3) » | 96 100 
Tetraploid wheat | 3 | (3) | | 50 96 Pref 
Hexaploid wheat 42 (3) | 50 100 100 


Diploid wheat eae 4 5 | 50 94 
Tetraploid wheat Fone 50 90 
Hexaploid wheat 2 | 30 | | 50 100 


SES ES ee ae rere a 5 | 50 50 
Tetraploid wheat 28 | 50 48 
Hexaploid wheat ‘ | 50 76 


a | ihe 29 
Tetraploid wheat 28 | : 40 
Hexaploid wheat | : ” 





Diploid oats | | 100 
Tetraploid oats A f 92 | 
Hexaploid oats aneneneeeey 94 | 


Diploid oats... : | 30 | 98 | 
EES Ee 3 | | 5 | 104 | 
Eee eee | | 100 | 





| 
Diploid oats : 4 ei. - | 50 | 98 | 
Tetraploid oats ------ 3 50 | 100 | 
Hexaploid oats - 8 ¢ 50 | 96 | 


Diploid oats : | 90 
Tetraploid oats - - peooee uae y 30 | f 50 | 81 | 
Hexaploid oats ___-- | | 76 | 


Diploid oats 100 | 
Tetraploid oats } 104 
Hexaploid oats oes 67 


Diploid rye | 50 | 72 
Autotetraploid rye | 58 | 


Diploid rye sa taneadi : ose 30 | é 89 | 
Autotetraploid rye | | 110 


Diploid rye 
Autotetraploid rye 








s 


Diploid rye 
Autotetraploid rye 


Diploid maize 
Autotetraploid maize 


Diploid maize 
Autotetraploid maize 


Diploid maize 
Autotetraploid maize 


Diploid maize 
Autotetraploid maize 


SS SS SS SS SE 





92 
96 
48 
17 


Diploid wheat-Aegilops wniaristata am- 
phidiploid 











RRs 








! After 16 days; for untreated seeds, value indicates actual germination percentage; for treated seeds, per- 
centage of the germination of the control. 

2 Percentage of control after 18 days. 

3 Control. 
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and the other irradiation. The heat- and X-ray-treated seeds of the 
same stock were planted side by side for direct comparison. The 
seeds tested included two stocks each of diploid, tetraploid, and hexa- 
ploid wheat and of hexaploid oats; one stock each of diploid and 
tetraploid oats, of diploid and autotetraploid barley, rye, and 
maize, and of the amphidiploid. 


TasLe 4.—Relation of polyploidy to tolerance of dormant seeds to X-ray treatments, 
as measured by germination and seedling height 





Somatic Total Seeds Height 
Stock chromo- | Treatment anods germinat-| of seed- 
somes ing lings 





Number | Roentgens | Number | Percent! | Percent? 
Diploid wheat 14 (3) 75 88 100 
Tetraploid wheat 28 (3) 75 100 


96 
Hexaploid wheat 42 (3) 75 100 100 


Diploid wheat 14 10, 000 50 £8 38 
Tetraploid wheat 28 10, 000 50 92 39 
Hexaploid wheat 42 10, 000 50 98 82 


Diploid wheat--- - 14 ( 100 96 43 
Tetraploid wheat 28 100 83 50 
Hexaploid wheat - -- 42 100 99 59 


Diploid wheat 14 30, 92 12 
Tetraploid wheat. --- 28 100 80 37 
SE AEE SIRS Rep erat ene mE ere 42 Q 97 32 


Diploid wheat 14 i 50 
Tetraploid wheat-.-- 28 50 98 
Hexaploid wheat 42 50 94 


Diploid oats 14 50 
Tetraploid oats___- 50 100 
Hexaploid oats - - - 42 50 96 


TSE SR RSE Pe Sern coe eee 25 
Tetraploid oats_____- 25 
Hexaploid oats - 25 


a Ne oe eo id eth ind deat ead 50 
Tetraploid oats_._- Wee , 50 
Hexaploid oats _ _-- 20, 000 50 


Diploid oats 50 
Tetraploid oats_____-_- a 50 
Hexaploid oats 50 


Diploid oats 40, 25 
Tetraploid oats ce 25 
Hexaploid oats t 25 


Diploid rye 50 
NS EE Denn 50 


Diploid rye p=4 
Autotetraploid rye 50 
Diploid rye 

Autotetraploid rye 


Diploid rye 
Autotetraploid rye 30, 000 


Diploid maize (3) 
Autotetraploid maize (3) 


Diploid maize 10, 000 
Autotetraploid maize 10, 000 


Diploid maize 20, 000 
Autotetraploid maize 20, 000 








Diploid maize 30, 000 
Autotetraploid maize 


See footnotes at end of table. 
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TaBLE 4.—Relation of polyploidy to tolerance of dormant seeds to X-ray treatments, 
as measured by germination and seedling height—Continued 





Somatic 
Stock chromo- | Treatment 
somes 


Seeds Height 
__ germinat-| of seed- 
ing lings 


ie | 
Number | Roentgens | Number | Percent! | Percent? 
Diploid maize 20 40, 000 25 79 19 
Autotetraploid maize 40 40, 000 25 76 42 


Diploid barley 14 (3) 25 64 100 
Autotetraploid barley 28 (3) 25 88 100 


Diploid barley 14 16, 000 50 56 
Autotetraploid barley 28 16, 000 50 41 
Diploid barley 14 27, 000 § 31 
Autotetraploid barley 28 27, 000 41 


Diploid barley 14 38, 000 | 3 
Autotetraploid barley 28 38, 000 32 


(3) i 92 
10, 000 fi 100 
20, 000 ‘i 57 
30, 000 61 


Diploid wheat-Aegilops uniaristata amphidiploid_. - 28 




















1 After about 14 days; for untreated seeds, value indicates actual germination percentage; for treated seeds, 
percentage of the germination of the control. 

2 Percentage of control after 19 days. 

3 Control. 


Figures 1 and 2 show some of the seedlings from the heat and X-ray 
treatments. From these figures and from tables 2, 3, and 4 it 
is clear that tolerance to X-rays did and tolerance to heat did not 
increase with chromosome number. Also, as already noted, severe 
heat delayed or prevented germination, but if the seeds germinated 
they usually grew vigorously; whereas X-rays did not delay or 
reduce germination so much, but after the more severe treatments 
all the seedlings died at various stages after emergence. Growth 
of seeds given the heaviest doses of X-rays ceased with the elongation 
of the coleoptile. After lighter treatments, some seedlings died when 
5 em. or more high. In addition to a slower onset of X-ray-injury 
symptoms, recovery of the seedlings, if it occurred, was more gradual 
than that following heat treatments. 


TOLERANCE FOR COMBINATIONS OF HEAT AND X-RAY TREATMENTS 


If heat and X-rays reduce viability of dormant seeds by effecting 
similar changes in the seeds, then treatments by both these agents 
on the same seeds should have more or less additive effects. Kempton 
and Maxwell (14) and Maxwell, Kempton, and Mosley (15) reported 
some observations on this problem. They found that seeds of maize 
heated to 60° C. for 4% hours after irradiation were little if at all 
affected in their development by the heat treatment. They observed, 
however, that seeds oven-dried at 70° to 2 percent of moisture and 
subsequently irradiated (14, p. 617) ‘“‘were clearly more, rather than 
less, sensitive to X-rays.”’ they also reported (15) that seeds treated 
with heat for 4% to 5% hours at 50° and then irradiated gave smaller 
seedlings than similar lots given the same heat and X-ray treatments 
simultaneously or in the reverse order. 
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ller Ficure 1.—Heat and X-ray tolerance of maize as indicated by 28-day-old seedlings: 
nts A, Diploid: a, Control; 6, 10,000 r.; c, 20,000 r.; d, 30,000 r. B, Autotetraploid : 

a, Control; 6, 10,000 r.; c, 20,000 r.; d, 30,000 r. C, Diploid: a, Control; b, 

80° C. for 45 minutes; c, for 90 minutes; d, for 135 minutes. D, Autotetra- 

ploid: a, Control; b, 80° for 45 minutes; c, for 90 minutes; d, for 135 minutes, 
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Ficure 2.—Heat and X-ray tolerance of Rosen rye as indicated by 17-day-old 
seedlings. A, Diploid: a, Control; b, 10,000 r.; c, 20,000 r.; d, 30,000 r. B, 
Autotetraploid: a, Control; b, 10,000 r.; c, 20,000 r.; d, 30,000 r._ C, Diploid: 
a, Control; b, 80° C. for 45 minutes; c, for 90 minutes; d, for 135 minutes. 
D, Autotetraploid: a, Control; b, 80° for 45 minutes; c, for 90 minutes; d, 
for 135 minutes. 
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For a study of this question, some seeds of diploid wheat (g e-2) 
and barley (Everest) were subjected to heat and X-ray treatments 
alone, while others were irradiated and then subjected to high tem- 
peratures and still others were given heat treatment and then irradi- 
ated. The second treatment followed the first immediately. The 
X-ray apparatus was operated only once for each experiment; so 
the irradiation was a constant. 

The results of two experiments on wheat and one on barley are 
presented in table 5. It is apparent from the record of tests 1 
and 2 shown in this table and from figure 3 that when the heat treat- 


Figure 3.—Effect of combinations of heat and X-ray treatments on dormant 
seeds of diploid wheat as indicated by 11l-day-old seedlings. a, Control; b, 
8,000 r.; c, 80° C. for 60 minutes; d, 8,000 r. and 80° for 60 minutes; e, 80° 
for 60 minutes and 8,000 r. 


ment was applied to seeds of the diploid wheat first, there was less 
injury from irradiation; whereas if the irradiation was applied first, 
the seeds were injured slightly more. This result was obtained in 
each of the treatments except the combinations with 18,000 r. (test 1). 
With this dose the seeds were so badly damaged that pretreatment 
with heat did not improve their growth. 

Similar results from combination treatments were obtained when 
seeds of diploid barley were used (table 5, test 3), except that the 
benefit from pretreatment with heat was not apparent. This lack 
of benefit probably can be accounted for by the low survival. In this 
experiment an effort was made also to determine the relation of 
moisture and the time of the heat treatment to the degree of injury. 
For this purpose, in addition to the combinations tried on diploid 
wheat in the previous experiments, one lot of seed was treated with 
heat 2 days before the irradiation. Another lot was given the heat 
treatment in a saturated atmosphere, and still another lot was des- 
lecated over calcium chloride for 2 days before irradiation. The 
seeds treated with heat 2 days before irradiation were injured slightly 
more than those treated immediately before irradiation, whereas 
those desiccated for 2 days survived about as well as those pretreated 
with heat. The seeds treated with heat in a saturated atmosphere 
did not survive. 

An experiment similar to the one with barley was run with diploid 
wheat. For some reason the heat treatments (80° C. for 1 hour), 
including the treatment in a saturated atmosphere, killed all the 
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TABLE 5.—Tolerance of dormant seeds of diploid wheat (g e-2) and diploid barley 
(Everest) to combinations of heat and X-ray treatments, as measured by germi- 
nation and seedling height 





E | Total Seeds ger- | Height of 
Test and treatment | seeds minating | seedlings 





>. 1 pas wheat, g e-2): 


Number Percent 
10 100 
6,000 r 
80° C. for 45 min 
6,000 r. and 80° C. for 45 min 
80° C. for 45 min. and 6,000 r 


12,000 r 

80° C, for 45 min 

12,000 r. and 80° C, for 45 min 
80° C. for 45 min. and 12,000 r 


18,000 r 

80° C. for 45 min 

18,000 r. and 80° C. for 45 min 
80° C. for 45 min. and 18,000 r 


12,000 r 

80° C. for 60 min 

12,000 r. and 80° C. for 60 min 

80° C. for 60 min. and 12,000 r 
No. 2 (diploid wheat, g e-2): 








8,000 r. and 80° C. for 60 min 
80° C. for 60 min. and 8,000 r 
No. 3 (diploid barley, Everest): 





10,000 r. and 

80° C, for 60 min. and 10,000 r 

80° C. for 60 min. 2 days before and 10,000r Er: 
80° C. in saturated air for 60 min. and 10,000 r_____- : 
Desiccated for 2 days over CaCl: and 10,000 r- | 








1 After 13 days for tests Nos. 1 and 2 and after 16 days for test No. 3; for untreated seeds, value indicates 
actual germination percentage; for treated seeds, percentage of the germination of the control. 
2 Percentage of control, after 20 days for tests Nos. 1 and 2 and after 16 days for test No. 3. 


seeds, except the 25 given the heat treatment 3 days before irradiation, 
and only 10 of these survived, as compared with 24 for the control 
and the lots receiving X-rays only. Of a lot desiccated for 3 days 
and X-rayed, 14 survived. This lot was injured distinctly more than 
the seeds given X-rays only and less than the seeds given heat 3 days 
before irradiation. 

These combination treatments were limited, but it is probable that 
(1) pretreatment with heat decreased the injury resulting from X-ray 
treatments; (2) when the order of the treatments was reversed (i. e., 
X-rays followed by heat), the seeds were injured more than by either 
treatment alone; and (3) seeds desiccated 2 or 3 days over calcium 
chloride before irradiation survived about as well as those pretreated 
with heat. 

The effect of the treatments on the weight of the seeds was as 
follows: Everest barley kept in the desiccator for 2 days lost 0.7 
percent of weight. Himalaya barley kept in the desiccator for 3 
days lost 1.0 percent of weight. Everest barley and g e-2 wheat, 
given the usual corked-vial treatment for 1 hour at 80° C., lost 1.5 
percent and 0.9 percent of weight, respectively. 

This loss, presumably of moisture, from pretreatment with heat, 


Dip! 
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Hex 
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may account for the greater tolerance of preheated seeds to irradi- 
ation. Stadler (29), Gelin (9), and others have shown that the 
amount of moisture in seeds has a profound effect on the degree of 
X-ray injury. However, that does not account for the greater injury 
when the heat treatment followed irradiation. Additional informa- 
tion is needed before a complete interpretation of the results can be 
made. This information should come from observations on the 
frequencies of chromosomal irregularities in root tips from seeds 
iven heat or X-ray treatments and combinations of the two and 
rom a more thorough study of the relation of time and moisture to 
the effects of combination treatments. 


CHROMOSOMAL ABERRATIONS AFTER HEAT AND X-RAY TREATMENTS 


FREQUENCY OF BRIDGES AS AFFECTED BY POLYPLOIDY 


An effort was made to compare the effects of heat and X-rays on 
the frequency of chromatinic bridges at late anaphase and early 
telophase in root-tip cells. These bridges appear to be one of the 
most reliable indexes for comparison of the effects of treatments in 
relation to chromosome number. 

For this study seeds of diploid, tetraploid, and hexaploid wheat 
and diploid and autotetraploid barley were used. The seeds were 
treated as in previous experiments, germinated on blotters in petri 
dishes at 12° C. for 36 hours, and then removed to a germinator 
kept at 26°. The root tips were fixed in Carnoy’s fluid after 1 to 3 
days. The length of the roots varied, but averaged 8 mm. 


TaBLE 6.—Frequencies of chromatinic bridges after heat and X-ray treatments 
of dormant seeds 
So- Cells with indicated number of bridges 
: Total 
Stock — Treatment cells Bridges 
: : : exam- per cell 
nici ined 
somes 














Num- Num- 
ber ber 
Control... -- = 30 28 3 
Diploid wheat._._.| 14___. 80° C. for 104 | 103 Le etaiee - 02 
731 | 466 .70 
66 


4 62 5 .09 
Tetraploid wheat..| 28.___|180° C- 174 2 : 05 


54 . 76 
76 . 05 
oO 

Hexaploid wheat _- bte 80° C. 168 09 


40 . 12 
01 ‘ 114 Q wena 12 
Diploid barley___- ___. [480 C. 408 ° -07 
49 - 98 


71 . 05 
Autotetraploid Eas : wha = 
barley. 












































52 1.99 





Here, again, there was a pronounced difference in the effects of heat 
and X-rays (table 6). X-rays produced a marked increase over the 
controls in the number of bridges. Heat, on the other hand, seemed 
to have little if any effect on the number of bridges. In the X-rayed 
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material there was also a positive correlation between the number of 
bridges and the number of chromosomes. The ratios of the number 
of bridges per cell in the diploid, tetraploid, and hexaploid wheat were 
1:2.5:3, and the ratio in the diploid barley as compared with the 
autotetraploid was 1:2 per cell. The data are not directly com- 
parable with those of Fréier, Gelin, and Gustafsson (7), but they do 
indicate a similar relation. 


FREQUENCY OF RECIPROCAL TRANSLOCATIONS AS AFFECTED BY POLYPLOIDY 


Unfortunately, observations on the frequencies of reciprocal 
translocations resulting from a complete series of heat and X-ray 
treatments are not available. However, some observations were 
made on diploid and tetraploid wheat; these may indicate the probable 
results of such tests. 

The effect of heat on the frequency of translocations in the diploid 
was determined from specimens of plants grown in the field from cer- 
tain untreated and treated seeds mentioned in table 2. Data for 
the X-rayed stocks and for the untreated and heat-treated tetraploid 
were obtained from plants grown in the greenhouse. Seeds of 
3 stocks (2 diploid, 1 tetraploid) were X-rayed simultaneously and 
planted immediately in soil. Because of limitations of space in the 
greenhouse, only 55 plants per stock of each treatment were grown. 
From these 55 plants, 2 or 3 of the first spikes were taken for cyto- 
logical study. Cytological observations were limited to the 3 anthers 
from a single floret of any one spike. It was assumed (an assumption 
based on results of mutation studies from similar treatments) that 
in most cases a translocation in a given spike would not occur in the 
sector examined in another spike. That is, the 2 or 3 specimens from 
a plant would be practically as independent of each other, for purposes 
of determining translocation frequency, as if they had been taken from 
different plants. In a number of instances different configurations 
were noted in the pollen mother cells from the same floret. For 
example, a ring of 4 chromosomes appeared in some pollen mother cells 
and was absent in others in other parts of the same slide. This 
would further indicate that. the sector containing any particular 
rearrangement induced by a treatment of dormant seeds is small. 

From table 7 it is apparent that, unlike X-rays, heat had little 
effect on the production of translocations. Only 5 of 199 spikes from 
the heat-treated seeds of both diploid and tetraploid had transloca- 
tions, as compared with none of 72 spikes from the controls. On 
the other hand, a relatively light dose of X-rays (5,000 r.) produced 
the equivalent of 0.2 ring of 4 chromosomes per spike in the diploid 
and about twice this frequency in the tetraploid. A dose of 10,000 r. 
increased the frequency of translocations in the diploid to 1.7 and 
in the tetraploid to 1.6 times that induced by 5,000 r. 

There were chromosomal and meiotic disturbances other than 
translocations in some spikes grown from X-rayed seeds. In one 
spike of a diploid plant, meiosis was partially desynaptic (fig. 4, 
A-C), resembling gene-controlled irregularities in einkorn previously 
described by Smith (26) and by others in a number of other plants. 
Meiosis in another spike from the same plant was normal. Thus, 
the partial desynapsis was presumably due to a deficiency or dominant 
mutation. 
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TaBLE 7.—Frequencies of reciprocal translocations after heat and X-ray treatments 


of dormant seeds of diploid and tetraploid wheat 





. Spikes with indicated arrangement of chromosomes 
{matic 
and variety | chro- Treatment | | | | | 
mo- | Nor- at | Rs + |Total| Rs per 
somes} | mal 2Ri| 3Rs Re | Re |spikes| spike ! 
| | 


eit a 
| So- | 
| 











Nu | Num- |Num-|Num-| Num-| Num- |Num- 
ber | ber? | ber | ber2 ber ber 
Control p 46 


60° C. for 10 days-_- 

Triticum monococ- | 14___\( 65° C. for 15 days_- 
cum. |170° C. for 5 days__- 2 

29 (26)} 

21 (16)| 





Triticum durum var. | og |}80° C. fo 
Acme. ~~|)5,000 r 


50 |20 (19) 
|{10,000 r | 44 |23 (22) 























1 In calculating the rings of 4 per spike, a spike with a ring of 6 was considered as having 1.5 rings of 4, etc. 
2 The first number is the number of spikes examined which had the indicated rearrangement. The num- 
ber in parentheses indicates the number of plants with the rearrangement. That is, ina number of instances 
more than 1 specimen froma plant had a particular rearrangement, but, as indicated in the text, the occur- 
rence of a ring of 4, e. g., in different spikes from a plant, can probably be assumed to be unrelated. 








Figure 4.—A-C, Partial desynapsis at first meiotic metaphase in pollen mother 
cells of a spike on a diploid wheat plant grown from an X-rayed seed. D and 
E, Fragments (see arrows) at first meiotic metaphase in pollen mother cells from 
spikes of two different diploid wheat plants grown from X-rayed seeds. The 
fragments are not paired with their normal mates, which appear as univalents. 


Examination of meiosis in spikes from two other diploid plants 
revealed fragments (fig. 4, D and Z). A deficiency of sufficient size 
to be visible in a condensed metaphase chromosome is rare in einkorn. 
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Since einkorn has only seven pairs of chromosomes, large deficiencies 
would be expected to be lethal, though large deficiencies are commonly 
observed in the polyploid species of wheat after irradiation. 

In the tetraploid (Triticum durum) two slides revealed deficiencies 
for a whole chromosome and two for a large part of a chromosome, 


MUTATION FREQUENCY AFTER HEAT AND X-RAY TREATMENTS 


The comparison of frequencies of mutation was limited to diploid 
wheat. Data on the frequency of mutations after X-ray treatment 
of dormant seeds were accumulated during the 4 years from 1939 to 
1942, inclusive. For comparison, head progenies of plants from some 
of the heat treatments included in table 2 were grown and examined 
for seedling mutants. From table 8 it is apparent that X-rays 
increased mutation frequency, although the treatment was not par- 
ticularly heavy. Heat treatments, on the other hand, had little if 
any effect on the occurrence of mutants. The high natural mutation 
rate itself is noteworthy. 


TaBLE 8.—Mutation frequency after heat and X-ray treatments of dormant seeds of 
diploid wheat 





Seedlings Heads 
per prog- | Mutants with 
eny mutants 


Head prog- 


Treatment enies 





Number Number Number Percent 
Control 15. 2 
60° C. for 5 days Q 15.7 
ss cc eek hegawew se 15.5 
60° C., for 10 days 12.3 
aS SR aera ape ami 16. 2 
5,000 13.9 
16.7 














5 
0 
4 
2 
0 
84 
37 





DISCUSSION 


There were rather marked differences in the tolerance of a given 
stock in different experiments. Part of this variability may have 
been due to unavoidable changes in X-ray or heat apparatus, environ- 
mental conditions, and moisture content. These variations are not 
considered to be serious in comparisons between stocks, since in each 
experiment the seeds were handled together in order to make the tests 
as accurate and reliable as possible. That this was accomplished is 
shown by the fact that, though a stock varied in its response to a given 
treatment from test to test, its tolerance with relation to those of other 
stocks remained practically constant. 

There was a tendency for the tolerance to heat to increase from fall 
through the winter. This was presumably associated with a decrease 
in moisture content of the seeds under the conditions of storage. 
Since the seeds had been harvested for several months prior to the 
treatments, the change in tolerance supposedly had little to do with 
postharvest dormancy. Kempton and Maxwell (14) and others 
have pointed out that there are important, uncontrolled factors that 
affect the degree of injury caused by X-rays. Two of these probably 
are moisture and temperature imposed after irradiation. In the 
present experiments environmental conditions during and after 





& se @ 
74.5 


1,2 
0 

1,7 
1.0 
0 

3.5 
3.8 
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irradiation were made as nearly uniform as possible, and as the com- 
parisons between stocks were repeated several and in some cases 
many times it is felt that the conclusions regarding the relative 
tolerance of the various stocks are entirely reliable and justified, 
though the tolerance in absolute values of time and intensity varied 
from experiment to experiment. 

If age, heat, and X-rays produce similar effects in seeds and reduce 
viability by the same processes, then, other factors being equal, seeds 
of polyploid species should live longer and withstand more severe heat 
treatments than related diploids. There is ample evidence that they 
withstand heavier doses of X-rays. This greater tolerance of poly- 
ploids for X-rays has been attributed to the fact that a chromosomal 
peeeemncnt would not be as likely to be lethal in a polyploid as in a 
diploid. 

_ the cereals studied in these experiments, polyploidy was asso- 
ciated with greater tolerance to X-rays but with no greater tolerance 
to heat. Thus, heat and X-rays must have some injurious effects 
that are different. This was borne out by cytological observations 
on bridges in root-tip cells, which indicated that killing by heat was 
not due to chromosomal derangements, since the frequency of bridges 
from heat treatments was very low and not appreciably different from 
the frequency in root tips from untreated seeds. Also, from observa- 
tions on meiosis in plants grown from treated seeds it was apparent 
that X-rays induced many more translocations than did heat treat- 
ments, which may have had no effect. Furthermore, rather severe 
heat treatments of seeds had little if any effect on mutation frequency, 
whereas after moderate X-ray treatments the frequency was markedly 
increased, 

That certain effects produced in seeds by heat are different from 
those produced by X-rays was further indicated by the results from 
treating seeds first with X-rays and then with heat, and in the reverse 
order. If these treatments affected viability by disturbing the same 
processes, their injurious effects should have been more or less addi- 
tive, regardless of the order in which the treatments were given. 
This was not the case. In this connection Nichols (17) found no 
interrelation between age and radiosensitivity. He stated (17, p. 756) 
“while both age and irradiation cause increases in the frequency of 
chromosomal aberrations, the causal mechanisms may be different.” 

There might be some question whether it is legitimate to compare 
the tetraploid and hexaploid species of wheat and oats with the 
diploid for the frequency of chromosomal effects, since in such a 
comparison it is assumed that the tetraploid has twice and the hexa- 
ploid three times as much chromatin as the diploid. However, from 
the measurements of Kagawa (13) and others on the length of the 
chromosomes in species of wheat, it would appear that for the pur- 
poses of this study the assumption is justified. Presumably the 
autotetraploids do have twice as much chromatin as the diploids. 

Results obtained by others from heat treatments are somewhat 
different from those reported here. Heat treatments of germinating 
seeds have been observed by Peto (18, 19) and others to have pro- 
nounced effects on the number of chromosomal irregularities in root- 
tip cells. Similar increases in chromosomal irregularities from heat 
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treatments on dry seeds of Crepis tectorum L. were reported by 
Shkvarnikov (24) and Shkvarnikov and Navashin (25). Also, 
Atanasoff and Johnson (1) noted that, after 30 hours at 100° C. in 
open containers, seeds of various cereals gave rise to plants that 
showed severe effects of treatment until maturity, whereas in the 
experiments reported here the plants recovered more or less com- 
pletely from the initial effects of treatment. 

The variance of the results obtained by different observers may 
indicate that there are critical conditions under which heat produces 
effects comparable in type and frequency with those of X-rays. 
Even if this were so it would still be true that there are significant 
differences between the mechanisms by which heat and X-rays pro- 
duce their effects, because X-rays are not so limited as to conditions 
under which they are effective. 

Thus, in the final analysis, the injurious effects of heat (and prob- 
ably of age as well) seem to be mainly physiological. On the other 
hand, it appears that X-ray injury may be due at least in part to 
induced chromosomal aberrations, though in some instances physio- 
logical effects may assume the dominant role. That physiological 
effects of X-rays may be important was further indicated by pre- 
liminary experiments, which showed that considerably heavier doses 
of X-rays are tolerated by dormant seeds of diploid wheat and barley 
if the seeds are in a vacuum or in a nitrogen atmosphere during 
irradiation.* Presumably the physical effects of X-rays in pro- 
ducing genetic changes should be independent of the atmosphere, 
but it is evident that certain physiological effects are not. 

The results of experiments reported herein have some bearing on 
evolutionary processes and plant-breeding problems. Apparently, 
high temperature readily affects viability but is a relatively weak 
agent for producing variations among which natural and artificial 
selection could operate. Short-wave radiation would be much more 
effective in producing genetic variations. X-radiation produces a 
higher frequency of genetic alterations in polyploid than in related 
diploid species, and polyploid species are able to survive more extreme 
changes, probably accounting in part for the greater variability ob- 
served in many polyploid species. 


SUMMARY 


Comparisons between the effects of heat and X-rays on dormant 
seeds of cereals gave the following results. 

Diploids were as tolerant of high temperatures as polyploids, whether 
the duration of treatment was a few hours or several days. Polyploids 
showed greater tolerance to X-radiation. The stocks tested included 
diploid, tetraploid, and hexaploid wheat and oats; diploid and auto- 
tetraploid barley, maize, and rye; Aegilops uniaristata and an amphi- 
diploid of A. wniaristata and diploid wheat. 

Seeds of diploid wheat given heat treatments after irradiation were 
injured slightly more than those given irradiation only. Comparable 
seeds given heat treatments before irradiation were injured less than 
those given irradiation only. Data from such combination treat- 


4 Unpublished data of the writer. 
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ments on diploid barley were not conclusive, but indicated similar 
results. 

Heat had little if any effect on the frequency of chromatinic bridges 
in root-tip cells of diploid, tetraploid, and hexaploid wheat and diploid 
and autotetraploid barley. On the other hand, X-ray treatment 
(10,000 r.) of the same stocks resulted in a marked increase in the 
frequency of bridges in root-tip cells. In the diploid wheat there was 
0.7 of a bridge per cell, as compared with 1.8 and 2.1 bridges in the 
tetraploid and hexaploid, respectively. In the diploid and auto- 
tetraploid barley there were 1.0 and 2.0 bridges per cell, respectively. 

Heat treatment of seeds of diploid and tetraploid wheat had little 
if any effect on the frequency of translocations. On the other hand, 
X-ray treatments produced a marked increase in the frequency of trans- 
locations. After a treatment of 5,000 r. applied to dormant seeds of 
tetraploid wheat, there was 0.4 ring of four per spike, as compared 
with 0.2 per spike in the diploid given the same treatment. For 
10,000 r. the corresponding values were 0.6 and 0.4. 

Heat treatments of seeds of diploid wheat did not appreciably affect 
the mutation rate, whereas X-rays distinctly increased it. 
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